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Abstract 


A method of fabricating a semiconductor structure including the steps of providing a silicon substrate (10) having a 
surface (12), forming on the surface (12) of the silicon substrate (10), by atomic layer deposition (ALD), a seed layer 
(20;20') characterised by a silicate material and forming, by atomic layer deposition (ALD) one or more layers of a high 


fin 

dielectric constant oxide (40) on the seed layer (20;20'). 
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Description 



Field of Invention 



[0001] The present invention relates in general to a method for fabricating a semiconductor structure including a silicate 
interface between a silicon substrate and metal oxides, and more particularly to a method for fabricating an interface 
including a seed layer utilizing atomic layer deposition or atomic layer epitaxy. 



Background of the Invention 



[0002] A stable silicon (Si) surface is most desirable for subsequent epitaxial growth of metal oxide thin films on silicon 
for numerous device applications, e.g., ferroelectrics or high dielectric constant oxides for non-volatile high density 
memory and next generation MOS devices. It is pivotal to establish a stable transition layer on the Si surface for the 
subsequent growth of high-k metal oxides. 

[0003] Some reported growth of these oxides, such as BaO and BaTi03 on Si (100) were based on a BaSi2 (cubic) 
template by depositing one fourth monolayer of Ba on Si (100) using molecular beam epitaxy at temperatures greater 
than 850 DEG C. See for example: R. McKee et al., Appl. Phys. Lett. 59(7), pp. 782-784 (12 August 1991); R. McKee 
et al., Appl. Phys. Lett. 63(20), pp. 2818-2820 (15 November 1993); R. McKee et al., Mat. Res. Soc. Symp. Proa, Vol. 
21, pp. 131-135 (1991); U.S. Patent No. 5,225,031, issued July 6, 1993, entitled "PROCESS FOR DEPOSITING AN 
OXIDE EPITAXIALLY ONTO A SILICON SUBSTRATE AND STRUCTURES PREPARED WITH THE PROCESS"; and 
U.S. Patent No. 5,482,003, issued January 9 f 1996, entitled "PROCESS FOR DEPOSITING EPITAXIAL ALKALINE 
EARTH OXIDE ONTO A SUBSTRATE AND STRUCTURES PREPARED WITH THE PROCESS". A strontium suicide 
(SrSi2) interface model with a c(4x2) structure was proposed. See for example: R. McKee et al., Phys. Rev. Lett. 81 
(14), 3014 (5 October, 1998). However, atomic level simulation of this proposed structure indicates that it likely is not 
stable at elevated temperatures. 
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[0004] Growth of SrTi03 on silicon (100) using an SrO buffer layer has been accomplished. See for example: T. 
Tambo et afl., Jpn. J. Appl. Phys., Vol. 37 (1998), pp. 4454-4459. However, the SrO buffer layer was thick (100 
ANGSTROM ), thereby limiting application for transistor films, and crystallinity was not maintained throughout the 
growth. 

[0005] Furthermore, SrTi03 has been grown on silicon using thick oxide layers (60-120 ANGSTROM ) of SrO or TiOx. 
See for example: B. K. Moon et al., Jpn. J. Appl. Phys., Vol. 33 (1994), pp. 1472-1477. These thick buffer layers would 
limit the application for transistors. 

[0006] High-k oxides are of great importance for the next generation MOSFET applications. Typically, in all of these 
known structures, they are prepared using molecular beam epitaxy (MBE), pulsed laser deposition (PLD), sputtering, 
and/or metal-organic chemical vapor deposition (MOCVD). In these types of methods of preparation, it is difficult to 
control the silicon oxide interface to achieve low density of interfacial traps, low leakage current, and for thickness and 
composition uniformity over large areas, such as 8" and above, and conformity over trenches. Accordingly, there is a 
need for a method that provides for a better interface between a silicon substrate and the metal oxide layer, that is 
simple to manufacture, controllable, has suppressed fringing effects in MOSFET devices, and suitable for mass 
production. 

[0007] Accordingly, it is a purpose of the present invention to provide for a method of fabricating a thin, stable silicate 
interface with silicon. 

[0008] It is yet another purpose of the present invention to provide for a method of fabricating a semiconductor 
structure including a metal oxide interface with silicon that is reliable and amenable to high throughput manufacturing. 



Summary of the Invention 



[0009] The above problems and others are at least partially solved and the above purposes and others are realized in a 
method of fabricating a semiconductor structure including the steps of providing a silicon substrate having a surface, 
forming on the surface of the silicon substrate, by atomic layer deposition (ALD), a seed layer characterised by a 
silicate material and forming, by atomic layer deposition (ALD) one or more layers of a high dielectric constant oxide on 
the seed layer. 



Brief Description of the Drawings 



[0010] Referring to the drawings: 

FIG. 1 illustrates a cross-sectional view of a first embodiment of a clean semiconductor substrate having a plurality of 
oxide layers formed thereon and in accordance with the present invention; 

FIG. 2 illustrates a cross-sectional view of a semiconductor substrate having an interface seed layer formed of a 
silicate layer utilizing atomic layer deposition in accordance with the present invention; 

FIG. 3 illustrates a cross-sectional view of second embodiment of a clean semiconductor structure having a hydrogen 
layer formed thereon and in accordance with the present invention; 

FIG. 4 illustrates a cross-sectional view of a semiconductor structure having an oxide layer formed thereon and in 
accordance with the present invention; 

FIG. 5 illustrates a cross-sectional view of a semiconductor substrate having an interface seed layer formed of a 
silicate layer utilizing atomic layer deposition in accordance with the present invention; 

FIG. 6 illustrates the method of forming the interface seed layer utilizing atomic layer deposition in accordance with the 
present invention; 

FIG. 7 illustrates a cross-sectional view of a semiconductor substrate having a high dielectric constant metal oxide 
layer formed on the structure illustrated in FIGs. 2 and 5 utilizing atomic layer deposition in accordance with the present 
invention; and 

FIG. 8 illustrates the method of forming the high dielectric constant metal oxide layer utilizing atomic layer deposition in 
accordance with the present invention. 



Detailed Description of the Preferred Embodiment 



[0011] This disclosure teaches a method of fabricating a high dielectric constant (high-k) metal oxide having an 
interface with a silicon substrate. The process is based on the use of atomic layer deposition (ALD) to form a stable 
silicate seed layer necessary for the subsequent growth of alkaline-earth metal oxide layers. Accordingly, disclosed is a 
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new method of growing a seed layer and metal oxide layer utilizing atomic layer deposition. 

[0012] To form the novel interface between a silicon (Si) substrate and one or more layers of a high dielectric constant 
(high-k) metal oxide, two specific approaches utilizing atomic layer deposition may be used dependent upon the 
substrate. A first example will be provided for starting with a Si substrate having silicon dioxide (Si02) formefJ on the 
surface. The silicon dioxide is disclosed as formed as a native oxide, or by utilizing thermal, or chemical techniques. 
Si02 is amorphous rather than single crystalline and it is desirable for purposes of growing the seed layer material on 
the substrate to create the interfacial layer. The second example will be provided for starting with a Si substrate which 
undergoes hydrogen (H) passivation, thereby having formed on the surface a layer of hydrogen (H). 

[0013] Turning now to the drawings in which like elements are designated with like numbers throughout the FlGs., FIG. 
1 illustrates a Si substrate 10 having a surface 12, and a layer 14 of Si02 thereupon. In this particular embodiment, 
layer 14 of Si02 naturally exists (native oxide) once the silicon substrate 10 is exposed to air (oxygen). Alternatively, 
layer 14 of Si02 may be formed purposely in a controlled fashion well known in the art, e.g., thermally by applying 
oxygen onto the surface 12 at a high temperature, or chemically using a standard chemical etch process. Layer 14 is 
formed with a thickness in a range of 5-100 ANGSTROM thick, and more particularly with a thickness in a range of 10- 
25 ANGSTROM . 

[0014] A novel seed layer (discussed presently) is formed utilizing atomic layer deposition. First, a thin layer, less than 
20 ANGSTROM , of a metal oxide 18, such as zirconium oxide (Zr02), hafnium oxide (Hf02), strontium oxide (Sr02), 
or the like, is deposited onto surface 16 of layer 14 of Si02 using chloride or a beta -Diketonate precursor and oxygen 
(02), water (H20), nitrous oxide (N20), or nitric oxide (NO) at a relatively low temperature, such as less than 600 DEG 
C. More particularly, Si substrate 10 and the amorphous Si02 layer 14 are heated to a temperature below the 
sublimation temperature of the Si02 layer 14, generally below 900 DEG C, and in a preferred embodiment below 600 
DEG C prior to the deposition of metal oxide 18. 

[0015] Next, the temperature of substrate 10 is then raised above 600 DEG C in order for the layer 18 metal oxide 
(MOx) and the layer 14 of Si02 to react to form a seed layer 20 of MSiOx (silicate), as illustrated in FIG. 2. 

[0016] This step provides for the formation of a stable silicate on the silicon substrate, more particularly the formation of 
seed layer 20. The thickness of silicate, or seed, layer 20 is approximately a few monolayers, and the same thickness 
of the Si02 layer 14, more specifically in the range of 5-100 ANGSTROM , with a preferred thickness in the range of 
10-25 ANGSTROM . In this particular embodiment, the application of metal oxide 18 to the surface 16 of layer 14 and 
subsequent flushing with nitrogen (N2), argon (Ar), or helium (He), and heating causes a chemical reaction, forming 
hafnium silicon oxide (HfSi04), zirconium silicon oxide (2rSi04), strontium silicon oxide (SrSi04), or the like, as seed 
layer 20. Monitoring of the semiconductor structure can be accomplished utilizing any surface sensitive technique, such 
as reflection difference spectroscopy, spectroscopic ellipsometry, or the like wherein the surface is monitored by in situ 
techniques. 

[0017] It should be understood by those skilled in the art that the temperatures given for these processes are 
recommended for the particular embodiment described, but the invention is not limited to a particular temperature or 
pressure range. 

[0018] In an alternative embodiment, and as illustrated in FIGs. 3-6, disclosed is Si substrate 10* having a surface 12*, 
having undergone hydrogen (H) passivation, thereby having a layer 13 of hydrogen (H) formed thereon. It should be 
noted that all components of FIGs. 1 and 2 that are similar to components of the FIGs. 3-5, are designated with similar 
numbers, having a single prime added to indicate the different embodiment. In this particular embodiment, layer 13 of 
hydrogen (H) is formed in a controlled fashion by hydrogen passivation techniques. 

[0019] A novel seed layer (discussed presently) is formed utilizing atomic layer deposition. First, layer 13 of hydrogen 
(H) is desorbed from surface 12' at a high temperature, preferably in excess of 300 DEG C. Next, surface 12' of the Si 
substrate 10' is exposed to a Si precursor, such as silane (SiH4), disilane (SiH6), or the like, and a metal precursor, 
such as hafnium (Hf), strontium (Sr), zirconium (Zr), or the like, generally referenced 15 of FIG. 4, during a time equal 
to T1, as shown in FIG. 6, referenced 30. Substrate 10' is exposed to the precursors at a temperature of generally 
between 100 DEG C-500 DEG , and in a preferred embodiment at a temperature of 250 DEG C and at an atmospheric 
pressure of 0.5mTorr. Once the precursors are deposited, a surface 17 is flushed 32 with an inert gas, such as argon 
(Ar), nitrogen (N2), or helium (He), for a time, T2, as illustrated in FIGs. 4 and 6 to remove any excess material. The 
stack is then exposed 34 to oxygen (O) with or without plasma, water (H20), nitrous oxide (N20), or nitric oxide (NO) 
for a time, T3, to oxidize layer 1 5 of Si and metal, thereby forming seed layer 20', generally similar to seed layer 20 of 
FIG. 2. Finally, seed layer 20' is flushed 36, as illustrated in FIG. 6, with argon (Ar), nitrogen (N2) or helium (He) to 
eliminate any excess oxygen (O). 

[0020] This step provides for the formation of a stable silicate on the silicon substrate which has been hydrogen 
passivated, more particularly the formation of seed layer 20'. The thickness of seed layer 20' is approximately a few 
monolayers, more specifically in the range of 5-100 ANGSTROM , with a preferred thickness in the range of 10-25 
ANGSTROM . In this particular embodiment, the atomic layer deposition is repeated for a few cycles, preferably 4-5 
cycles, to form a few monolayers. Thus, a chemical reaction takes place forming hafnium silicon oxide (HfSi04), 
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zirconium silicon oxide (ZrSi04), strontium silicon oxide (SrSiCM), or the like, as the seed layer 20'. 

[0021] It should be understood that the component (x), where x= 0 to 1 in layer 20', having the composition of MxSil- 
xO, can be adjusted using precursor flows of metal and silicon mixed prior to the introduction in the reaction chamber 
for better control. More particularly, a graded composition could be used whereby, the resultant final layer deposition 
using ALD renders a solely metal oxide layer, containing no silicon. 

[0022] Referring now to FIGs. 7, 8, and 9, the formation of high dielectric constant oxide layer 40 is accomplished by 
atomic layer deposition. First, seed layer 20 is exposed 50 to a metal precursor, such as hafnium (Hf), strontium (Sr), 
zirconium (Zr), lanthanum (La), aluminum (Al), yttrium (Y), titanium (Ti), barium (Ba), lanthanum scandium (LaSc), or 
the like, during a time, T1 , thereby forming a layer 42 on surface 21 of seed layer 20. Seed layer 20 is exposed 50 to 
the metal precursors at a temperature of generally between 100 DEG C-500 DEG , and in a preferred embodiment at a 
temperature of 250 DEG C and at an atmospheric pressure of O.SmTorr. A surface 43, of layer 42 is next flushed 52 
with an inert gas, such as argon (Ar), nitrogen (N2) or helium (He) for a time, T2, to remove any excess metal 
precursor. Finally, the semiconductor structure is exposed 54 to oxygen (02) with or without plasma, water (H20), 
nitrous oxide (N20), or nitric oxide (NO) for a time, T3, to oxidize layer 42, more particularly the metal precursor, 
forming high-k metal oxide layer 40, as illustrated in FIG. 9. It is disclosed that high-k metal oxide layer 40 thus includes 
at least one of a high dielectric constant oxide selected from the group of hafnium oxide (Hf02), zirconium oxide 
(Zr02), strontium titanate (SrTi03), lanthanum oxide (La203), yttrium oxide (Y203), titanium oxide (Ti02), barium 
titanate (BaTi03), lanthanum aluminate (LaAI03), lanthanum scandium oxide (LaSc03) and aluminum oxide (AI203). 

[0023] As a final step, layer 40 is flushed 56 with argon (Ar), nitrogen (N2), helium (He) or the like, to remove any 
excess oxygen. This atomic layer deposition is repeated for a given number of cycles to form to form a high-k oxide of 
a desired thickness. 

[0024] Accordingly, disclosed is a method for fabricating a thin, seed layer 20 with silicon 10 as been described herein 
using atomic layer deposition (ALD), This forcing of the formation of a silicate layer by atomic layer deposition provides 
for high precision control of the thickness and composition over large areas. In addition, conformity of growth in 
trenches is achieved. In each cycle of the deposition process, the migration of species is enhanced on the surface. 
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Claims 



1 . A method of fabricating a semiconductor structure characterised by the steps of: 
providing a silicon substrate (10) having a surface (12); 

forming by atomic layer deposition a seed layer (20) on the surface of the silicon substrate; and 

forming by atomic layer deposition one or more layers of a high dielectric constant oxide (40) on the seed layer. 



2. A method of fabricating a semiconductor structure as claimed in claim 1 wherein the step of providing a substrate 
includes the step of providing a substrate having formed thereon a silicon oxide (14). 

3. A method of fabricating a semiconductor structure as claimed in claim 2 wherein the step of forming by atomic layer 
deposition a seed layer further includes the step of depositing a layer of a metal oxide (18) onto a surface of the silicon 
oxide, flushing the layer of metal oxide with an inert gas, and reacting the metal oxide and the silicon oxide to form a 
silicate. 

4. A method of fabricating a semiconductor structure as claimed in claim 1 wherein the step of providing a substrate 
includes providing a substrate having a layer (13) of hydrogen formed thereon by hydrogen passivation. 

5. A method of fabricating a semiconductor structure as claimed in claim 4 wherein the step of forming by atomic layer 
deposition a seed layer (20) further includes the step of desorbing the layer (13) of hydrogen formed on the substrate, 
exposing (50) the silicon substrate to a silicon precursor and at least one metal precursor forming a layer of a silicon 
and a metal on the surface of the silicon substrate, flushing (52) the layer of silicon with an inert gas to remove any 
excess silicon and metal precursor material, exposing (54) the surface of the layer of silicon to at least one of oxygen 
(02) with or without plasma, water (H20), nitrous oxide (N20), or nitric oxide (NO) to oxidize the layer of silicon and 
metal thereby forming a single oxidized monolayer, and flushing (56) the oxidized monolayer with an inert gas. 

6. A method of fabricating a semiconductor structure as claimed in claim 5 further including the step of repeating the 
atomic layer deposition to form monolayers. 

7. A method of fabricating a semiconductor structure as claimed in claim 1 whereby the step of forming by atomic layer 
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deposition one or more layers of a high dielectric constant oxide (42) includes the steps of exposing (50) the seed layer 
to a metal precursor, thereby forming a layer of metal, flushing (52) the layer of metal with an inert gas, exposing (54) 
the layer of metal to at least one of oxygen (O) with or without plasma, water (H20), nitrous oxide (N20), or nitric oxide 
(NO) to oxidize the layer of metal thereby forming a single high-k oxidized monolayer, and flushing (56) the oxidized 
monolayer with an inert gas. 

8. A method of fabricating a semiconductor structure as claimed in claim 7 further including the step of repeating the 
atomic layer deposition to form high-k oxide layer of a desired thickness. 

9. A method of fabricating a semiconductor structure characterised by the steps of: 
providing a silicon substrate (10) having a surface (12); 

forming by atomic layer deposition a seed layer (20) on the surface of the silicon substrate, the seed layer formed of a 
silicate material; and 

forming by atomic layer deposition one or more layers (42) of a high dielectric constant oxide on the seed layer. 



10. A method of fabricating a semiconductor structure as claimed in claim 9 wherein the step of forming by atomic layer 
deposition the seed layer of a silicate material includes forming the seed layer of a silicate material selected from the 
group of strontium silicon oxide (SrSi04), zirconium silicon oxide (ZrSi04), and hafnium silicon oxide (HfSi04). 

1 1 . A method of fabricating a semiconductor structure as claimed in claim 10 wherein the step of forming by atomic 
layer deposition one or more layers of a high dielectric constant oxide on the seed layer includes forming the layer of 
high dielectric constant oxide selected from the group of hafnium oxide (Hf02), zirconium oxide (Zr02), strontium 
titanate (SrTi03), lanthanum oxide (La203), yttrium oxide (Y203), titanium oxide (Ti02), barium titanate (BaTi03), 
lanthanum aluminate (LaAI03), lanthanum scandium oxide (LaSc03) and aluminum oxide (AI203). 

12. A method of fabricating a semiconductor structure as claimed in claim 1 1 wherein the step of providing a substrate 
includes the step of providing a substrate having formed thereon a silicon oxide (14). 

13. A method of fabricating a semiconductor structure as claimed in claim 12 wherein the step of forming by atomic 
layer deposition a seed layer further includes the step of depositing a layer (18) of a metal oxide onto a surface of the 
silicon oxide, flushing the layer of metal oxide with an inert gas, reacting the metal oxide with the silicon oxide to form 
the silicate selected from the group of strontium silicon oxide (SrSi04), zirconium silicon oxide (ZrSi04), and hafnium 
silicon oxide (HfSi04). 

14. A method of fabricating a semiconductor structure as claimed in claim 1 1 wherein the step of providing a substrate 
includes providing a substrate having a layer (13) of hydrogen formed thereon by hydrogen passivation. 

15. A method of fabricating a semiconductor structure as claimed in claim 14 wherein the step of forming by atomic 
layer deposition a seed layer further includes the step of desorbing the layer of hydrogen formed on the substrate, 
exposing (50) the silicon substrate to a silicon precursor and at least one metal precursor forming a layer of a silicon 
and a metal on the surface of the silicon substrate, flushing (52) the layer of silicon with an inert gas to remove any 
excess silicon and metal precursor material, exposing (54) the surface of the layer of silicon to at least one of oxygen 
(02) with or without plasma, water (H20), nitrous oxide (N20), or nitric oxide (NO) to oxidize the layer of silicon and 
metal thereby forming a single oxidized monolayer, and flushing (56) the oxidized monolayer with an inert gas. 
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-?mo. hh\>\m*#t^w% <0|) . * (H 2 o> , 

HBHkZSBR (N 2 0) ttAir-mcSBk (NO) <7)oh<r) 
1 1 1 o(c3 4> LTIuffix'; ayfeJ:^>Mlt 

(56) tzzbiz-ktsztwrnktziimmm 

[0001 ] 

&mmb<m<r)*4Wb4 y??*-x*mz.h* 

[0002] 

ay (sd mzfeix^&ztte. m«»mmmm. 
mmmm tdimmmmmtmmtx .way*) 

mit&tMz. smmLizzmuzm&mzfemzit 

[00 03] Si(100)±cOBa0fcJ;t^BaTi03^i:\ Ztlh 

oMftxw&m* mm 5 ojBBwairwHmxtf 

f*is£m^XS\ (100)±£Ba<D 1 /4<0*#-?l*tt 

fc«&Sivo*S. tan WTO# 

#^$r#.^§iltO : R. McKeeffe, A PP 1. Phys. Let 
t. 59(7) , pp. 782-784 ( 1 9 9 1 *F8J? 1 2 B ) ; R- M 
cKeefl!!, Appl. Phys. Lett. 63(20), pp.2818-2820 ( 1 
99 3^1 1^1 5H) ;R. McKeeffi, Mat. Res. Soc. 
Symp. Proc., Vol.21, pp. 131-135 ( 1 9 9 1 ^ ) ; 1 

9 9 3*7fl6HS&ffWHBfttWS5, 2 2 5, 03 1 
^ rpROCESS FOR DEPOSITING AN OXIDEEPITAXIALLY ONT 
0 A SILICON SUBSTRATE AND STRUCTURES PREPARED WITH 

THE PROCESS j ; tiXlfil 9 9 6^1 M 9 Bf&fifWfli 
VffiX 5, 482, 003-t rpROCESS FOR DEPOSITING 

EPITAXIAL ALKALINE EARTH OXIDE ONTO A SUBSTRATE A 
ND STRUCTURES PREPARED WITH THE PROCESSj . c(4x2) 
mm&0XYuyi-*?l±- Y (SrSi 2 ) 4V 

?7x-X- ^TfrtfmgZtltz. KkUf. R. HcKee 
m, Phys. Rev. Lett. 81(14), 3014 ( 1 998^1 0 

A5B) zmiztuzi>\ l*>u znm&nw^i'^ 

[00 04] SrOAy7rSS-fflV^^'j3>-(100)±c7) 
SrTiOjlS^IIS^^. LfrU SrOA.y7TJI#JS 



li ( 1 0 OA) <0T\ h^y^^Mfflt LTUaitttf 

fo*). &ikiWfc%£&mtxmfZti%fr'>t:. 

[0005] Srt4fcttTiO,OWV*fl5IWI 
(60-1 20A) im^Xi/i) 3>-±fcSrTiM*)&ft 
§fL3t. tzt Hi. B.K. Moonffl!, Jpn. J. Appl. Phy 
s., Vol.33 ( 1 9 94^) , pp. 1472-1477$: gmZtltz 
W ^•y7 7mtfz\0)£ot,zm^l:. VvVi/XftL 

xommmmztih z t cfr* . 

[0006] m^mtmt. Kmmsmmmzt ->x 

thfrxmmx'bh. mas* zti^ma^mmt^x 

IZti^X. ZtlWtft^X.Vf^i/ (MBE : molecular 
beam epitaxy) , HlVXfcV— fft* (PLD: pulsed 1 
aser deposition) , xn? U i.V/£tz\t±B, 
^Wk&MX (MOCVD: metal-organic chemical vapor 

deposition) zmmtxwmzixh. znxotcw&n 

mix. mh^yrm&i&<m. mmmmt 
i&<mi. 8- a±.ff)±^m±m^tmt.ff)^- 
mm&t. h u >+±nmH&. zntzt tmrnx-b 
*. ss-jt. waymmb^mmmmtcomzx') 
&^y?7x-xt:miz#><7)iffi;X'$)ix. wmv 
«*t. mmmx-fo o . MosFET»»c*$tt* yyyv 
tm&ntx. is&mzmitztttf-stmx'hh. 
[0007] n-ox. *mnami. m<x£%.uz 
wayt<nwmi4y*7*-xzftm-hi5m 
mi-hztx-bz. 

[0008] *»Di*>S h fcflkOB »u. flsgtttffc 
[0009] 

t , ya«W^ffi±(C. H^ltf* ( ALD : atomi 

c layer deposition) KJ:-5t\ {bW^* l ^^rl> 
^-H«*»*-f6ai»i:. lli 1 !^* (ALD) tcj:^ 

[0010] 

«^«. *rD-fe^.{i, m=f-mtfm (ald) srfdfflL 
mmm lx^- Ynti£v&mmmtf&.%mt 

[00113 Way (Si) W&k lltLh^a^m* 

(isk) smtiitttokomizmmj y*7 x-x&m 
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<i. m®±.iz-mt*>0 3> (sio 2 ) tfB&ztizsim 
m^wyhtih. -mtis*)ov\$mmmt tx 
B&tzti&fr. j>i)V mm® t tzMvzmmmmi- 
&ztiz£m&ztiz>t>(7)tLxm*ztiz>. sio 

g«?)*:#>£kt ^y^7x-xu 
fttfLt&ZbtfMt l\\ m2ffMi. *m (H) A-. y 
^-ya^ffot, affi±(c** (H) 

too 1 2] zzx\ mmzmm&tK mm^wzm. 
txmmmmiziimmm^tfmhtiz,. 01 wu 
mi 2t. *<r)±.izs\o 2 mi4mt$>smm o#< 
i^sni,. zcommmiz&^xu. s\o 2 mi4it. ^ 
ynyffis^m mm) izzt>ztiz,tmtz%*£t 
i (swmtm) . fcsv^t sio 2 «i 4ii. mm? 
itm<DfflW2tittmx\ tzbiim&x-mi 2± 

£hht« Sl4(i. 5~1 0 0A)¥tf,&H?>/?*T\ 
$£>£Pl<J;L 10-2 5AWVC)fM$;h.l>. 
[0013] »D:x-KJl (BITfclWft-S ) #®lP 

mnm^mmLxmfS.^tih. 4-r. mti^m^A 

(Zr0 2 ) , ffi.iV^7-*7-k (Hf0 2 ) , K-lLxhoy^-^ 

a (sro 2 ) %b^&mmm<?>2ok*.m<mm 1 8 

(0 2 ) , * (H 2 0) , -SMtZSS (N 2 0) ifctt-IWt 
(NO) &m&6 0 0mM%Xtoimm\W£C 
fflV^Si0 2 114<7)^ffil 6±Ktt«£-t2:l>. 

t<ti. smm o t^ssio 2 i 1 4 btf-&izm& 

9 0 OS*)HcOSi0 2 l 1 4cr>miS^X *)&^m.tX' 

tomztiz. nrnzmmix-tt. &mmm\ scorn 

lz9t$.-?xm&6 0 0Jg*)ltt«$ill». 

[oo i4] mz. &m ocom.zm&6oog.mt 

IX , ^SK^MD, )« 1 8 fcSi0 2 l 14b& 
RJS^MSiO, W^-h'l20Sr^-r 
I). iixS:[12lC^-t„ 

[00 15] -IWKPgfct ^•j3>'S(Lt£$£Lfc*' 

<(i, 5-1 0 0 AcOKHT* 0 . $r£L<til 0~2 
5AWIBSHT*6. dOHttWCJi, ^IBKttl 8£ 
JI14<DfUiil 6«t«U -tilKUtWCfi* (N 2 ) , 
T/I^y (Ar) ifcU/sJJ^ (He) Tffi^U W&it 
Iblt^K&tfmz*). BMfN7-»>A • v'Jrjy (Hf 
Si0 4 ) , Rfc^'AO-?* •y'jny (ZrSi0 4 ) , m\L 
^hvy^A - Hay (SrSi0 4 )&£#->- h'Jf 2 



[0016] dn^corn-txoMLT-^x. &ft&il£ 

immtimmcDmmmntzMzmmtii'i><?)X'h 

\,^b*%mimmm&\ 
[0017] Kwcommmiza^xii. tam^^t 
meiZTr^tiHoiz. im (H) n.y g y£ 

S<tT-£tf)±t*3g ( H ) Oil 1 3aWBlR§*lfc*iiil 

2' s^rtssissi o' tmpztih. B3*v*lei 
5cDffifm&izmmm 1 1$ txm2nt*xvmm 
&ut. mt<7&w&t>ti. m%mi&mx'i>hz\b 
*9jkttcMz-myy a Afflux 4>ni» ; t izgrnzti 

fcV\ £*>SBi{JfCUL ( H )|13AW7i/ 

[0018] h« < jaTfc»«»r* ) aw 

JItt***IJm/C»JS3il*. 4-f. *« (H) 11 3 
jWWL »4L,<liSlft3 0 0*»caiBl 2' 

SiSSlO' 0*Bil2' 
(SiH 4 ) , yy^y (SiHe) frfc* cOSi^tfgftSt . H4 
X'-mz 1 5tfE$iil»^7^A (Hf) , Xhoyf 

(Sr) , y>3->)A (Zr) ^t'cO^il^felBagt 
06T*3Oi:lE$<ll.Tl{^L^mflSI«Oia$4>$<l 
I). ££1 0' ti. -JRfcSftl 0 0flPSrV^L5 0 0K 
OBKoaiET. J8Fa£HttWte*$vvC«SK; 2 5 0ST' 
0. 5MTorr^^JEti>V^T. i^<a<05fe^HS«^$ 
4>S*lS. ^ffll 7*4. 04 

fcit/H6fc*Sfc.&J:$fc:, T;P^y (Ar) , S« 

(N 2 ) 4fctt^y7A (He) &£WvStt^tt-mi§T2 

tT5XvSr#aj>S^{i#i?^V^ (O) , * (H 2 
0) , -mZS* (N 2 0) ifctt-HSflJW (NO) (C s 
«BIT3WlBK:S6S<tT34, Sifeit^AKWll 5 Sr 
iHt£-t*\ HRtcH2<0^-Hl2 0i:a«^-H« 
2 0 ' -kl&m-h. ftttfc^-'HJ12 0 ' 3&»H6fc*S 
tlh£o\,ZT)V3V (Ar) , MS <N 2 ) ifctt^'J^A 

(He) T«fe?f$n3 6, jfe$«rR* (O) ^K0I^<. 

[0019] ^OgpgT, TkSs^ y a >-§il/v: 

Pt<(i. ^-H12 0' 3&«»JS5*16. ^-h'«2 
0' <0lf»*±IWy|UB. iOSKtt, 5^TV^L10 0 
kco®MX\ *f4t<{41 0^v^L2 5A(O^HT'$) 

<ti4^v^L5HliSt9jiLT, »flUH*»«tS. -ix 
lz£ *)<t¥Kl£ti { mz *). KftA7-->A -yijay 
(HfSiO,) , IMt^a-^A • y'jay (ZrSi0 4 ) , 
Kit* h o y^-»7A • =y 'J r? y ( SrSi0 4 ) s&if^i — H 
J12 0' ttT^S^I.. 

[0020] HtSii-xO<oajSfc*-f*12 0' Tli. R 
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<7>ffil&m^XfSM(x) ( x = 0~l ) SrPSLT. 

x o &^vm*fi ozttfTZhzt (it o txi> & 

[0021] 07, 8fc«ktf9£i«Bl/C. KR*¥K 

"f. 5/-Ki2 0fA7-«7A (Hf) , XhU>f7& 
(Sr) , y*3=*>A (Zr) , 7>^y (La) , 7*5 
^>7A (Al) . 4 •yh'J'7A (Y) , f-^y (Ti) , A 
y>7A (Ba) . ^y^y • XijW^k (USc) 
ASBfeBHrtt(c«ffg^l^)iaS<b$*i5 0. -HtfcJoT 
v—F«20WHffi2 l±t«4 2ri«§ft& <> 5^- 
K12 0J4, HRfcSftlOOBtar^L5 0 0*<?Dia<?) 

orrnj^ffiX'&mmMmz z t> ztiz, 5 0 . mzm 

4 2<0llffl4 3#, 7/U:/> (Ar) , (N 2 ) £td± 
^)VJ» (He) *if^RgttSM*fci«aT2^)ia. iftifS 
ilT5 2. £#&&m5^MI*>1&*£ix2>. ftftlc. 

(0,) . * (H,0) , -IfrfkZgfg (N 2 0) ifctt-IMfc 
(NO) lc. B#^T3c7)ra$^$ilT54, «4 2Sr, 

SfMMUOtt. KMfN7-'7A (Hf0 2 ) . Kfci^a 
(Zr0 2 ) , ^^>'iSXhD>'f-'7A(SrTi03), 1$ 

^y^V(La 2 0 3 ) , IWfc-f ■yhU'7A(YA) ■ » 
\\j-?V (Ti0 2 ) , f-^^KAU^A (BaTi03) , 7* 
SKJa^y^y (UAIO3) , m\3v?v ■ xtivi>*j 
A (LaScOs) fcil^K-ftT/PS-^A (AI2O3) comfr 

t>mR*ti&'j?%< 1 1 1 mmmmmmmztts. 
[0022] mmttx. |4 0m^ (A 

r) , g3?S (N 2 ) . ^s'J^A (He) &fc'Ti5t?f £*iT 5 

[01 ] [02] 




[0023] iot, ^-'Jnyi OfcfHif^-FJf 

2osr, ^nmrcDv^Tiiff^fffm (ald) s-fdffl 
Lxm-tufmm^ni, w^mnrnzx*)^ 

[11 ] M^M^Wid*?^, *#H 
[H2] *^cJ;^,lS^«#*^fiJfflLT7-'fttil 

mwurmmmx-bh. 

[03] **na***>±fcjw«j*i*, *»mfcj:s» 

» 2 HitM^BriiiHT**.. 

[05 ] ^HHBcis^a^^iflfflur^^ \mm 

[06 3 *»UHcJ: 9M : F«fl*£fi|fflLT>f 

[07 ] *«!H(cJ: 9JIflltt*£*i|J8LT02fcJ:t/ 

fe«£^&^f*£«^»rffi0T'&l>. 
[08 ] *JHUi;J: OK^JIfMISrliJfflLTKBWISA 

[09 ] *miz* *)Wtf-mmmmLxis- mo 
±iz&mmmmfiLZiv£*mwmR<?)mmx'$> 

10 i/'j^ylS 

12 isvaym&comm 

14 KftyUayl 

16 Kft^'Jayao^iB 

is &mwmm 

[03] 



■H 



' -20 
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[04] 



[07] 



[05] 



[06] 




[08] 




*6T I I Kfb I 
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i 

32 54 je 

i *» j # & T ! *» i 
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T. T. T, i T. 



[09] 




(51) Int. CI. 7 

H0 1L 29/78 
21/8247 
29/788 
29/792 
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(72)^# 7t'yK7t^ • Ho-A' xH (72)»8f 
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